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AssTrRACT. Three common beanRhaseolus vulgarit.) seedcoat color (or glossiness) genotypes, differing from each other
by a single substitution at a seedcoat locus, were analyzed for presence and concentration of three anthocyanins:
delphinidin 3-O-glucoside, petunidin 30-glucoside, and malvidin 30-glucoside. The three anthocyanins were present

in Florida common bean breeding line 5-593F C J G B V Asp, matte black P C J G B V asp and dark brown violet (P

C J G b V Asp, but the amounts varied greatly depending on the genotype. Dark brown violet had 19% of the total
anthocyanin content when compared to 5-593, whereas matte black had amounts intermediate between the two other
genotypes. Thd gene acts to regulate the production of precursors of anthocyanins in the seedcoat color pathway above
the level of dihydrokaempferol formation, perhaps at the chalcone synthase or chalcone isomerase steps in the
biosynthetic pathway. We hypothesize thaB regulates simultaneously the flavonoid (color) and isoflavonoid (resistance)
pathways. Thel gene for resistance to bean common mosaic virus (BCMV) is known to be linked closelitdt is therefore
hypothesized that thel gene function may be to respond to BCMV infection by dramatically increasing (over a low
constituitive level) production in the 5-dehydroxy isoflavonoid pathway, which leads to synthesis of the major
phytoalexin, phaseollin, for resistance to BCMV. Alternatively, theB and | genes may be allelic. Thésp gene affects
seedcoat glossiness by means of a structural change to the seedcoat. We demonstraté#ah the recessive condition
(aspasp changes the size and shape of the palisade cells of the seedcoat epidermis, making them significantly smaller than
either 5-593 or dark brown violet.Asp, therefore, limits the amounts of anthocyanins in the seedcoat by reducing the size
of palisade cells.

oeygnd-poid-swiid-yiewlsrem-jpd-awiid/:sdiy wouy papeojumoq

The genetics of common bed@h@seolus vulgar)sseedcoat  Thel gene resistance to bean common mosaic virus (BCMV)
color, including the very complex interactions of the eight primnvas first discovered by Corbett in 1931 as a spontaneous mutantS
cipal genes involved in color determination, was reviewed amdStringless Green Refugee’ (Pierce, 1934). Investigation of the §
summarized by Prakken (1970, 1972). In brief, the “groumtheritance of the resistance and assignment of the gene symbol3
factor” geneP is needed to avoid white seedcoats (wjtbr gray |, was conducted by Ali (1950). TBand loci are closely linked )
white (withp®); and the color genésandJ are needed to fully (cM < 0.25, as calculated by present authors), and no crossover%
express the color modifying ger@syellow brown) B (greenish were observed (Park and Tu, 1986; Temple and Morales, 1986).<"
brown), V (violet to black), andRk (recessive red from red Thel gene has broad spectrum resistance to legume potyviruses-
kidney). The dominant red color geRés very closely linked to (BCMV, blackeye cowpea mosaic virus, cowpea aphid-borne &
C, and the bracket conventiorG [f], is used to indicate this mosaic virus, soybean mosaic virus, and watermelon mosaic &
virtually unbreakable linkage (Bassett, 1991). The function of thigus-2), and no crossovers were observed (within <2 cM est. total 5
seedcoat color gerigwas first discovered by Kooiman (1920)distance) between any of five potyvirus resistances amijoee
but the gene symboB, was first assigned to the locus byKyle and Dickson, 1988). ThB- region is known to be
Lamprecht (1932) and accepted by Prakken (1970) in his géglemeric in linkage group D (E. Vallejos, unpublished data), and
symbol reconciliation. a randomly amplified polymorphic DNA (RAPD) marker has

been developed fdr(Haley et al., 1994).
S The Aspgene is not a seedcoat color gene, but controls the
Received for publication 29 June 1999. Accepted for publication 11 Oct. 19gd0Ssiness, or shine, of the seedcoat. Until recently, study of the
Names are necessary to report factually on available data; however, the U$iAction ofAsphas been largely ignored since its genetic charac-
neither guarantees nor warrants the standard of the product, and the use 9&{9ation by Lamprecht (1940). Bassett (1996) has clarified the

name by the U.S. Dept. Agr. (USDA) implies no approval of the product to t| . .
exclusion of others that may be suitable.We thank the Laser Scanning Micros gs OfASPand‘J in producmg dull seedcoats and other effects.

Laboratory and Center for Electron Optics at Michigan State University for us@€aspallele produces a dU.”.er Seedcoat thamdaspis much
of the microscope facilities. The cost of publishing this paper was defrayed in paore frequently present thain widely grown cultivars. Dull
by the payment of page charges. Under postal regulations, this paper therefagdcoat is the only visible effectadp whereas the primary

must be hereby markeuivertisemensolely to indicate this fact. effect of j is to produce paler, immature seedcoat colors in
Postdoctoral research associate.
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’Research geneticist, to whom reprint requests should be addressed. whatever genetic background it occurs (Bassett, 1996).
*Professor. In his pioneering work, Feenstra (1960) isolated and identified
“Research microscopist. a number of compounds from various seedcoat color genotypes.
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However, his genetic stocks all had Ballele in the recessive methanol (10% formic acid). All extracts were dried under
condition, and he, therefore, could not attempt to identify theduced pressure in a rotary evaporator (Buchi Labortechnik AG,
compounds associated with dominBnOne proposed function Flawil, Switzerland), placed in vials and stored at 22®efore
of theB locus is hydroxylation of the B-ring of the flavonoid oseparation using a high performance low pressure liquid chroma-
anthocyanin nucleus (Leakey, 1988). However, no experimentajraphy (HPLPLC) system.
evidence has been presented to date to support this hypothesigirLrLc sysTEM. A Michel-Miller column (50x 600 mm, Ace
One of the authors (M.J. Bassett) developed genotypes vglass Co., Louisville, Ky.) was packed evenly with 650 g of C18
different seedcoat colors in acommon genetic background (Floi@aum) (Hyperprep; Supelco, Bellefonte, Pa.) as the stationary
breeding line 5-593) to facilitate investigation of the chemistry phase and 100% methanol as the mobile phase. A precolumn (22
seedcoat pigments by phytochemical extraction and analysid30 mm) packed to 50% of its volume with C18 was placed
Determination of the seedcoat genotype of ‘Prim’ (a Mantebatween the pump and main column. All column end fittings were
class bean; bred by C. S. Leakey) by Bassett (1999) has ledssorted Ace-Thred matches and filter discs were used to retain
determination of the flavonoid compounds produced by ttee column packing material. The precolumn and main column
genotype? [C 1] d j G b ¥¢(Beninger et al., 1998). Subsequentlyyvere connected to a HPLC pump (model 510; Waters, Milford,
determination of the flavonoid compounds was achieved inMgass.), which had been modified by installing high flow-through
three seedcoat genetic stocks of Bass&tB-vBC; 5-593,G b  heads (25 mL-miiimaximum flow rate). A pressure relief valve
v BC; 5-593, andy b vBC; 5-593 (Beninger et al., 1999) and 2}ket to the manufacturer’s (Alltech Inc., Deerfield, ll.) tolerance
in ‘Montcalm’ (Beninger and Hosfield, 1999), a dark red kidnegf the column (200 psi maximum) was placed between the pump 2
cultivar with genotyp® c'J g B v rk (Bassett, 1998a). and precolumn. The column was connected to a UV-vis detector = 8
The three main anthocyanins associated with black beém®del 486; Waters) set at a detection wavelength of 520 nm toO
(with seedcoaP C J B V have been isolated and identifiednonitor anthocyanin bands as they eluted. =
previously by Takeoka et al. (1997). This work provides a basisThe column was equilibrated isocratically with 10 formicacid 5
for contrasting the base line anthocyanins of gend®@el BV : 65 water : 25 methanol for 24 h before sample loading. A sample 5
with the effects of single recessive gene substitutions into #f€929.0 mg of 5-593 dried methanol extract was dissolved in 3 =
black seedcoat genotype. The purposes of the present paper méref the same solvent used for column equilibration and loaded 2
to 1) identify the kind and amount of anthocyanins found indérectly onto the C18 of the precolumn. After the sample had
seedcoat genotype with thesubstitution in the black seedcoatdsorbed onto the C18, the precolumn was filled with solvent and
genotype, as an approach to defining the function oBthene connected to the pump with a flow rate set at 1.5 ml=*min
and 2) determine the structural effect ofdBpsubstitutioninthe Fractions containing anthocyanins were then collected as they
black seedcoat genotype by means of scanning electron mietated from the main column.
graphs of surfaces and cross sections of the seedcoat. SEMIPREPARATIVE HPLC. To purify peaks further for nuclear
magnetic resonance (NMR) analysis, the three collected fractions,
Materials and Methods were repeatedly injected on areverse-phase semipreparative Cl@
column (10x 250 mm, 5um) (Capcell Pak; Shiseido, Tokyo,
PLanT MATERIAL . The three genetic stocks used for this invedapan) connected to a multisolvent pump, photodiode array
tigation were developed by M.J. Bassett (1998a, 1998b, 1998FDA) detector, and autosampler (models 600, 996, and 717,
Line 5-593 has thé&spgene for shiny seedcoat and dominamespectively; Waters). The flow rate was 2.0 mLniand the
genes for seedcoat color at seven seedcoat coloPIf€if{ JG solvent system was the same as that used on the HPLPLC colum
B V RR, except for the dominant red locRswhich is tightly with a detection wavelength of 520 nm and run time of 16 min. All
linked to theC locus (Bassett, 1998a; Prakken, 1970). The othar fraction 3 (18.6 mg) and 20 mg of fraction 1 and 2 were
two genetic stocks wefe b VBC; 5-593 with dark-brown violet dissolved in 2 mL of 10 formic acid : 65 water : 25 methanol and
seedcoats anakpBC; 5-593 with matte (dull) black seedcoatsfiltered through a 2tm filter into HPLC injection vials. For each
Using 5-593 as a standard genotype, dark brown violet diffsemple a total of twenty 1Q4L injections were made and the
only by theb substitution and matte black differs only by #& main peaks collected with an automatic fraction collector (Wa-
substitution. The two genetic stocks in BiG 5-593 are near ters). Injection, separation, and collection of the fraction were
isogenic with respect to the recurrent parent 5-593, but fally automated. With short run times (16 min), final purification
isogenic condition is not needed for our experimental purpaseeach anthocyanin was achieved in at most 6 to 7 h.
(Beninger et al., 1999). HIGH-PRESSURE ANALYTICAL LIQUID CHROMATOGRAPHY . The
The genotypes used were increased during summer 1996staadards delphinidin @-glucoside, petunidin &-glucoside,
nursery at the Saginaw Valley Bean and Sugarbeet Researuth malvidin 39-glucoside, obtained from Florida common
Farm, Saginaw, Mich. The soil type on the farm is a Mistequbagan breeding line 5-593, were coinjected in the above order with
silty clay [fine, illitic (calcareous), frigid typic Haplaquolls].crude methanol extracts of matte black and dark brown violet.
After harvesting in autumn, seeds were frozen at°€20 Each corresponding peak area in the methanol extracts was
SEEDCOAT PREPARATION. A total of 10x 100, 7x 100, and 13 increased, indicating the presence of the same compounds in
x 100 g fresh weight (FW) allotments of 5-593, matte-black, anmthtte black and dark brown violet. To determine the concentra-
dark-brown-violet beans were soaked in distilled water for 1 ta¢i8n of the three anthocyanins in 5-593, matte black, and dark
h to facilitate separation of seedcoats from the cotyledons. Wdtierwn violet bean seedcoats, a total of nine seeds (which had been
exudates were saved, frozen with seedcoats atG-&mhd then stored at —20C) for each genotype were divided into three lots.
placed in a freeze drier (Genesis 12 EL; Virtis, Gardiner, N.YBach lot was weighed, seedcoats were removed, and these were
After freeze drying, seedcoats were ground to a fine powder ithan placed in mortars. Five to 6 mL of extraction solvent (10
coffee grinder, packed into a glass column ¢63D.0 cm) and formic acid : 40 water : 50 methanol) was added along with a small
extracted sequentially with hexane, ethyl acetate, and acidifeedount of celite to act as an abrasive. Tissue was ground with a
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pestle for=1 h, the extract placed into microcentrifuge tubes agénotypes were randomly selected. Samples prepared for scan-
centrifuged for 10 min at 10,0@0. The supernatant was evaponing electron microscopy were air-dried, dissected or sectioned
rated to dryness under reduced pressure in a rotary evaporatith, a razor blade, mounted on aluminum stubs, sputter coated
resuspended in 1 mL extraction solvent, and filtered through Oa2th gold and observed using a JEOL JSM-6400 scanning elec-
um filters (Whatman Inc.) into HPLC vials for analysis. Anthotron microscope (Japan Electron Optics Laboratories, Tokyo,
cyanin standards which had been purified and identified fromXpan) at 12 kV of accelerating voltage. For measurements of cell
593 were made up to 1.0 mg-thand then serially diluted to givelength, three beans were sampled randomly from each genotype
0.5, 0.25, 0.125, and 0.0625 mgénd injected immediately and sectioned at approximately the same part of the bean (trans-
before the crude seedcoat extracts. Calibration curves were tremse section through center of bean, and length measurements
calculated using Millenium 32 software (Waters): delphinidin 3aken from cells on the surface opposite to the hypocotyl). Five
O-glucosider? = 0.999, petunidin ®-glucosider? = 0.998, and measurements were taken from the base of the palisade cell to the
malvidin 3-O-glucosider? = 0.997. Concentrations of thesdop of the cell for each bean. Data were analyzed using SAS
compounds were calculated from the seedcoat crude ext(d889) GLM procedure with Student-Newman-Keuls compari-
injections and expressed as mg/100 g FW of whole bean. Diffson of means.

ences in amounts of anthocyanins between genotypes were ana-

lyzed using the SAS (1989) GLM procedure with a Student- Results and Discussion

Newman-Keuls comparison of means.

NMR ExPERIMENTS. Purified anthocyanins from the Crude extract from the 5-593 line showed an HPLC profile
semipreparative HPLC column were dissolved in@D (deu- with retention times of the three anthocyanins almost identical to
terated methanol) into which a drop of 20% DCI (deuteratéue chromatogram presented by Takeoka et al. (1997). However,§
chloride) in BO (deuterated water) was added. ProtBiNMR)  we found small amounts of a fourth unidentified anthocyanin =
spectra were obtained using a 500 MHz NMR (VXR; Oxfor@Fig. 1). The three compounds were obtained at a purity of 84%-
Instruments, Eynsham, Osfordshire, U.K.) with Varian softwa@4% from the HPLPLC column, and the UV-vis absorption
(Varian Assoc., Palo Alto, Calif.) at the Max T. Rogers NMRpectra of the three compounds were similar to the anthocyaninss
facility in the Department of Chemistry, Michigan State Univecharacterized by Takeoka et al. (1997) (Table 1). Recovery of the ?
sity. compounds was 123.8, 26.5, and 18.4 mg from 929.0 mg of crude

ELecTRON MicROscoPY. Six beans from each of the three beamethanol extract for delphinidin @-glucoside, petunidin &-
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Fig. 1. HPLC trace of the three main anthocyanins in 5-593 methanol extract. Delphin = delph@uginc®side, petunin = petunidin@-glucoside, and malvin
= malvidin 3O-glucoside.
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Table 1. Analytical HPLC analysis of fractions collected from the HPLPLC column.

Main peak characteristic

Main peak absorbance
as % of total

Fraction AL AL dA 7O absorbance for fraction
1 524.8 25.8 93.45
2 527.3 26.2 83.86
3 528.5 26.1 88.25

ZBand | maximum absorbance as measured by photodiode arrax sca@p—600 nm.

YRatio of absorbance at= 440 nm to maximum absorbance as measured by photodiode array s@00—600 nm.

*Absorbance of the main peak is measured at the maximum absorbance for each anthocyanin and divided the total of snedidrapeak ab
(impurities) in the wavelength range of 510-530 nm. This gives an indication of the purity of the collected fraction.

glucoside, and malvidin ®-glucoside, respectively. After fur- the isoflavonoid pathway (Fig. 3). However, due to the tight
ther purification of these fractions using semipreparative HPLiibkage between thg andl gene and results of the current study,
pure compounds were subjectetHBIMR analysis; thtHNMR  we offer suggestions regarding the function oBlgene to assist
spectra agreed with Takeoka et al. (1997): future research. The isoflavonoid pathway is induced by infection
Delphinidin 3-O-glucoside(1); tHNMR 8.99 [1H, s, H-4], with bean common mosaic virus (BCMV), and the main
7.79[2H, s,H-2'6'], 6.89 [1H, s, H-8], 6.67 [1H, s, H-6], 5.30 [LHsoflavonoid phytoalexin produced is phaseollin (Dewick, 1994;
d,J=7.65, glucose H-1"]. Lamb et al., 1989). Isoflavonoids can be produced from conver-
Petunidin 3-O-glucoside(2); ‘HNMR 8.98 [1H, s, H-4], 7.96 sion of naringenin by 2-isoflavone synthase (IFS) and 2-
[1H,s,H-61, 7.76 [1H, s, H-2], 6.89 [1H, s, H-8], 6.62 [1H, s, HRydroxyisoflone dehydratase (IFD) to the isoflavonoid genistein
6], 5.30 [1H, dJ = 7.73, glucose H-1"], 3.95 [3H, s, O¢B]. (or) through conversion of liquiritigenin by IFS and IFD to
Malvidin 3-O-glucoside(3); *HNMR 9.0 [1H, s, H-4], 8.08 daidzein (Heller and Forkman, 1994). Since the main isoflavonoid
[2H, s, H-2'61, 6.98 [1H, s, H-8], 6.67 [1H, s, H-6], 5.35 [1H, chhytoalexin inP. vulgaris lacks a 5-OH, and, therefore,
J=7.51, glucose H-1"], 3.99 [6H, s, (OgKH3'5"T. liquiritigenin is the substrate for the chalcone isomerase (CHI)
Although the same three anthocyanins were present in eashyme.
genotype (Fig. 2), there appeared to be differences in theiHyroTHESIS OF ALLELISM OF BAND I. As we indicate above, our
concentrations, and, therefore, after isolation and characterdata suggest tHggene could act to regulate the precursor of any
tion of the anthocyanins, quantitative HPLC was carried out. Ttmpound before dihydrokaempferol in the flavonoid color path-
dark brown violet line had one fifth the concentration of the maivay (Fig. 3), perhaps, even up to the point of regulating produc-
anthocyanin, delphinidin 8-glucoside, as line 5-593, and thigdion of phenylalanine lyase (PAL). A flower-specific regulator of
difference was statistically significant (Table 2). The total amouthie PAL gene iPhaseolus vulgariggPAl2) has been identified
of the three anthocyanins in the dark brown violet line was ondgeviously (Sablowski et al., 1994). However, the tight linkage
19% of the amount found in line 5-593. observed between tBandl genes, and the fact that the color and
With regard to the seedcoat determining loci, the only diffdsoflavonoid pathways (Fig. 3) diverge immediately after forma-
ence between the dark brown violet line and line 5-593 is a sintiha of chalcone, would seem to indicate that both genes act either
recessive substitution at tBdocus. Since the same compoundat the chalcone synthase (CHS) or CHI levels. Therefor the
were present in both dark brown violet and 5-593, but at reduegdil genes may be synonyms for a single, conserved regulatory
concentrations, thB locus does not act in a qualitative mannegene that controls activity of the structural genes for CHS or CHI
The seedcoat color geBgtherefore, acts in a quantitative fashio@Fig. 3). In this case tH@gene control of seedcoat color, and the
regulating the amounts of the three anthocyanins. This suggéssne control of phaseollin production, are actually pleiotropic
that theB gene acts to regulate a common precursor to effects of one regulatory gene probably controlling transcription
anthocyanins. According to this hypothesis, the dominant allele
B produces more (thdn) of the precursor, which is then con-
verted to anthocyanins. In addition, it is known that substitution
of b for B, changing bean genotypeC J G B V(dark brown
seedcoat) t&® C J G b v(yellow brown seedcoat), causes a
decrease in the amount of the main flavonoid monomer, astragalin
(kaempferol 30-glucoside) (Beninger et al., 1999). Since HO
dihydrokaempferol is needed for synthesis of both anthocyanins
and flavonol glycosidesB may act to promote synthesis of a
common precursor, either at or before conversion of the fla-
vanone, naringenin, to dihydrokaempferol in the flavonoid bio-
synthetic pathway (Fig. 3). Koes et al. (1994) showed that
flavonoid biosynthesis is controlled mainly at the level of tran- OH
scription of structural genes. There is no experimental evidence OH

to date, including the present study, suggestingBtlyene is 5 Structure of the th " s found in 5.593. matte biack. and dark
H H _ri 141g. 2. Structure of the three anthocyanins found in o- , matte black, an arl
responsible for hydroxylation of the B-ring of the flavonodifbrOWn violet, 1 = delphinidin ®-glucoside (R = R, = OF), 2 = petunin =

nucleus, as speculated by Leakey (1988). . petunidin 30-glucoside (R= OCH; R,= OH), and 3 = malvidin ®-glucoside
It was not our objective at this time to study the chemistry ofr, = OCH, R, = OCH).
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Table 2. Concentrations of the three main anthocyanins and seedcoat thickness of three common bean genotypes.

Anthocyanin concn

(mg/100 g fresh wt)
Delphinidin Petunidin Malvidin Palisade cell
Genotypé glucoside glucoside glucoside sizem)
5-593:P CJG BV Asp 47754+ 31.0 69.5 & 4.2 3l.7a 44 40.8 a- 0.73
MTB: P CJ G B Vasp 261.6 b+ 49.0 40.6 b 8.7 17.3 b+ 3.6 32.1c£0.66
DBV: P CJGbV Asp 100.8 c+ 16.4 6.5c 15 24c£0.15 35.3 b+ 0.55

YMTB = matte black, DBV = dark brown violet.
“Mean separation within columns by Student-Newman-KeulsRes0.05.

4-coumaroyl-CoA
Malonyl-CoA

3
Color 5-Dehydroxyisoflavonoid
Pathway 1&2 Pathway
OH
HO OH
[
OH O fo)

2',6' 4-Trihydroxyisoliquiritigenin

l 3 OH
HO\@:J’,HO/
4&5
S5 ™S

2'.4',6',4-Tetrahydroxychalcone

|
p

OH ©
. HO o
4',5,7-Trihydroxyflavanone 4',7-Dihydroxyflavanone |
(Naringenin) (Liquiritigenin)
0
OH
Isoflavonoid
Dihydrokaempferol Polymerization Phaseollin
9
Leucopelargonidin
\QZX‘ED/ @i\:v\o/ Proanthocyanidins
Kaempferol
Pelargonidin
10 |
HO OH
O%Oﬂ OH OH
5)
OH
OH %
OH

Flavonol 3-O-glycosides Anthocyanidin 3-O-glucosides

of CHI. However, to date, only one
CHS (Rommeswinkel et al., 1992)
and one CHlI protein (Dixon et al.,
1988; Mehdy and Lamb, 1987)
have been isolated from. vul-
garis, which would indicate there
is only one copy of the CHS and
CHI structural genes present. If
this holds true, then the pleiotripic
effects observed cannot be the re-
sult of a single regulatory gene
acting on different copies of CHS
and CHI.

TWO-GENE HYPOTHESIS FOR B
AND |. TheB gene may regulate the
transcription of CHS or CHI, which
produce the chalcone or flavanone,
respectively, that is a precursor to
all other color compounds (Fig. 3).
The B gene may also have this
same function in the isoflavonoid
pathway and act to regulate the
CHS or the CHI structural genes
for synthesis of chalcone or con-
version of isoliquiritigenin to
liquiritigenin, respectively (Fig. 3).
Thus,B may be involved in simul-
taneous regulatory functions in both
the seedcoat color and isoflavonoid
pathways. One possible function
of | in this two-gene model is that
it regulates synthesis of polyketide
reductase (PKR). This enzyme re-
moves a hydroxyl group from the
5-position of the flavonoid nucleus
to form the precursor (isoliqui-
ritigenin) needed for synthesis of
the phytoalexin phaseollin and
other 5-dehydroxy isoflavonoids.
Phaseollin may be produced con-
stitutively in small amounts; how-
ever, upon infection with BCMV
thel gene may act to dramatically
increase synthesis of PKR, and con-
sequently increase levels of 5-
dehydroxy isoflavonoid precur-
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Fig. 3. Flavonoid biosynthetic pathwayHnvulgaris(adapted from Heller and Forkman 1994). Enzymes are numbered as 1 = chalcone synthase (CHS), 2 = polyketide
ruductase (PKR), 3 = chalcone isomerase (CHI), 4 = 2-hydroxyisoflavone synthase (IFS), 5 = 2-hydroxyflavone dehydratasdld#done 3-hydroxylase
(FHT), 7 = dihydroflavonol 4-reductase (DFR), 8 = anthocyanidin synthase (ANS), 9 = flavonol synthase (FLS), 10 = fla®eglaicb3y! transferase (FGT).
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Fig. 4. Scanning electron micrographsAjf §-593, B) dark brown violet, andX) matte black, in cross section afis-f) surface scans with most or all of the cuticle
removed. P = palisade layer, H = hourglass cells, PA = parenchyma, C = cotyledon. Small arrows point to surface of thellsalli¢aigethe roughness on the
ends of cells for matte black and thickness of the entire seedcoat compared to 5-593 and dark brown violet in the sd8sG¢cfitao note the difference in
surface roughness of matte blaEkWhen compared to the other genotyi@aridE). Large arrows in B indicate large parenchyma cells with tannins in the vacuoles.
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sors. Thus, the regulatory rolesBfandl in the isoflavonoid line 5-593 and dark brown violet (Figs 4A—C). When the cuticle
pathway may be confounded (from the perspective of phaseakinremoved and the surface of the bean is scanned with the electron
output), i.e., they regulate the same pathway, but at differeritroscope, the elevations can be seen as rough endcapping of the
steps. palisade cells (Fig. 4D—F). The cross sections also showed that
DuLL seepcoAT GENE ASP. The significantly lower concentra-the seedcoat of matte black seemed thinner and less pronounced
tions of anthocyanins found in the matte black genotype at fitisan in either 5-593 or dark brown violet (Fig. 4A—C). Matte black
appeared problematic since thgpgene is known to alter only palisade cells were significantly smaller than either dark brown
the physical microstructure of the bean seedcoat (Lampreef)et or 5-593 when length of cell was used as an indicator of cell
1940). Lamprecht (1940) found that whsspis in the recessive size (Table 2). When thaspallele is in the recessive state, it may
state @spasp the dullness of the seedcoat is caused by elevatiaus not only to produce a rough endcap of the pallisade cells, but
at the ends of the palisade cells which form the epidermis. Thesdce the size of the cell, resulting in a thinner seedcoat when
elevations can be seen clearly in the scanning electron micompared to 5-593 and dark brown violet. Therefore, the signifi-
graphs of the seedcoat cross sections for matte black comparedmdy lower amount of anthocyanins in matte black when com-
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color and isoflavonoid biosynthetic pathwaysRn vulgaris : . ) :
; ; - : Heller, W. and G. Forkman. 1994. Biosynthesis of flavonoids, p. 499—
More research is needed to clarify the rol@f the regulation 535. In: J.B. Harborne (ed.). The flavonoids: Advances in research
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